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RELATED APPLICATION 

This application incorporates by reference application titled "Installation of Internally 
preloaded Opposing Conical Elastomeric Bearing" invented by Neal Muylaert; attorney 
g 15 docket BOEI-1-1006. 

Ji: Field of the Invention 

O This invention relates generally to elastomeric bearings and specifically to opposed 

^ internally pre-loaded conical elastomeric bearings. 

Background of the Invention 

20 A key component of a helicopter is the main rotor hub. It provides attachment of the 

main rotor blades during operation. Rotational power is delivered to the main rotor hub to 
provide rotational velocity to the blades in order to create aerodynamic lift. The main rotor 
hub must allow for rotational motion of the blades in the vertical (flap), horizontal (lead-lag), 
and axial (pitch) directions near the blade root attachment with the hub to accommodate 

25 flight control authority and dynamic stability. Main rotor hub systems that accommodate 
these motions with discrete hinge mechanisms are referred to as fully articulated hubs. 
Through out the history of the helicopter, engineers have struggled to provide these rotational 
freedoms with bearing systems that can accommodate high frequency and high amplitude 
oscillatory motion under high trust loading created by the centrifugal force of the rotating 

30 blades. Elastomeric bearings have become an industry standard for accommodating flap- 
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wise motion in articulated hub systems. These bearings are composed of elastomeric 
material that allows for shear compliance within the elastomer, and for rotational freedom 
while reacting radial centrifugal force in compression. 

- Elaotomerio co mcarbearirrgs-a re common ly-use d in bearing ass e m blies tor nelicoptep 
5 rotor systems to accommodate rotor motion. The bearing assemblies are axially prelpad^d to 
prevent the conical bearing elements from experiencing a resultant tension^Wdad. Currently, 
mono-directional bearing elements are employed at each attachip^rifsite of the main rotor 
hub. FIGURE 1 depicts a view of a prior art articul^tea hub assembly 20a. The hub 
assembly 20a includes a tire bar 26 connected ta^aTmib center body 22. The tie bar 26 is 
0 connected to the center body 22 in a sirpilSr manner as disclosed in FIG.l, however, the 
bea ring assembl^30a) is substantialjy^ifferent. The bearing assembly 30 includes a pair of 
(^conicaLbe aring eli^^i^^ pofitacting the journal 28 on the^^e ^n^slnner s urface"^ and 
the outer bearing surface-Is contained within an outer housing 42a. Each bearing element is a 
mono-directionaLsingle conical taper bearing having an elastomeric element 54 contained 
15 within. The^Jnical bearings are arranged such that the apex of the conical elements extends 
radially^mitward from one another. The bearing arrangement yields a force couple that 
exjtdnds from one bearing to the other. The force couple yields a bearing pre-load path 43 
Extendin g t l u' oug hrthe-hob center body"22r" 

The prior art design creates an extended force couple resulting in a bearing pre-load 
20 path extending through the main rotor hub center body. The hub center body must be 
designed to carry the extra loading. The extra design requirements add weight to the overall 
rotor hub reducing the aircraft's load capacity and fuel efficiency. 

Summary of the Invention 
The invention provides a weight-reducing bearing assembly for rotary aircraft. An 
25 opposed tapered conical elastomeric flap bearing assembly for rotary aircraft includes an 
outer housing having an outer surface and an inner surface. The outer surface is configured to 
mechanically connect the bearing assembly to the attachment sections of the hub center body. 
The inner surface is configured to receive a pair of opposed taper conical bearing elements. 
An inboard bearing element and an outboard bearing element are located within the outer 
30 housing. The bearing elements are arranged in an opposed manner. An axial pre-load can be 
applied to the opposed bearing assembly wherein the resulting force couple bearing pre-load 
path is maintained entirely within the bearing assembly. Consequently, the weight of the 
main rotor hub is reduced increasing the efficiency of rotary flight. 

The proposed invention provides a unique flap bearing arrangement by localizing the 
35 pre-load within each flap bearing assembly and, thus, eliminates the necessity for the transfer 
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of the pre-load through the hub structure. The elimination of bearing pre-load through the 
hub structure can significantly reduce weight of the rotor hub assembly. Many components, 
including the bearing attachment flanges on the hub center body as well as the bearing 
housings can be configured to accommodate only the design flight and static loads without 
having to carry the off axis bearing pre-loads. The unique design of the instant invention 
yields an approximate 6% - 10% weight reduction in the main rotor hub assembly. 

Brief Description of the Drawings 

The preferred and alternative embodiments of the present invention are described in 
detail below with reference to the following drawings. 

FIGURE 1 is a partially sectional isolated plan view of a prior art bearing assembly; 

FIGURE 2 is an isometric view of an articulated hub assembly; 

FIGURE 3 is a partially sectional isolated plan view of a bearing assembly of the 
instant invention; 

FIGURE 4 is an exploded isometric view of the bearing assembly; 

FIGURE 5 is an isometric view of the bearing assembly; 

FIGURE 6 is an alternative isometric view of the bearing assembly; 

FIGURE 7 is a partial sectional view of the bearing assembly; and 

FIGURE 8 is a partial sectional view of the bearing assembly. 

Detailed Description of the Invention 
-I EIGURE-2 d e p ict s -a--MIy--artieulated 20 thai includes a pre-loadedr 

opposed flap bearing assembly 30 that maintains a force couplej^earin^^ 
entirely within the flat bearing assembly^^^JDae-^^^ 20 includes a plurality of 

rotor assemblies 24 radj^Ujt--^tt^cHed to a hub center body 22. The articulated hub 
assembly^pj^-designed to allow and to control the flap, pitch and lead-lag motion of an 

In^a-pre sontly pre f erred ombodimont, thc - rotor aG a cmbly2 1 inc lu d e s a t ie - bar2^ 
However, any other rotor attachment structure or assembly is considetsd-witf^^ of 
the invention. The tie bar 26 is a substantialW^ylkKif^^ element having a pair of 

radially opposed journals 28 atjtn^^ndrTiach journal is designed to receive the flap bearing 
assembly 30. The be^rin^assembly 30 extends over the journal 28 attaching itself to the 
journal 28^KlSlie bar 26 and bearing assembly 30 combination attach the rotor assembly 24 
te ctfiehub centerJb odv-22. 

- The fl a p bearing as se mbly 30 includes - an inboard bearing element 32 and an - 
\guthoa rd bearin g el ement 3 4-c oniam e d " w ithin an outer housing"42^te- form the beari ng" 
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assemblyJKX^ outer housing 42 is configuredto_attacb-4h€^earing 

assembly to another structure, for example, the mainjxjloptoK^Tln a presently preferred 
embodiment, the outer housing 42 includesjwcrpair of radially extending bearing flanges 36 
configured to mate with a hub^y0tif^8 of the hub center body 22. However, any other 
structure or arrangemept<f5fattaching the bearing assembly to the rotor hub located on the 
outer housin^2^is considered within the scope of this invention, for example, a single pair 
of projections or molding the outer housing to the hub. A plurality of flange bores 60 align 



^olk - bore G- ^O ^ flluwiiig ' faslc it ers (not shown) to rigidly attaeh th e s t ru ctures. 

depicts an isolated view ol the hub assembly ZUITof^flie^nstoUxLvention^-- 
The tie bar 26 is attached to the hub assembly 20b via a pair of bearing assemblies 30b/ 
attached to the hub yolk 22 by attachment lug 58. The bearing assemblie§30b-^TEendover 
and contact each respective journal 28. Each bearingas§embly~3t) includes a mated set of 
opposed, taper conical elastomeric bearing-^lefnents, 32 and 34, enclosed within an outer 
housing 42b. When preloacJsdHtflhe axial direction, the opposed bearing assembly 30b 
limits the force cojipte < to each individual bearing assembly 30b. According to the invention, 
the forcgueotlple is not passed through the hub center body. The force couple yields a bearing 
pgg^oad- path I S b-thatremains entirely withm eachTespecth^4?earing^as sembly - 30b.> 

tae-bearmg^ 



'yiliURE 4 deprcts-an-exploded~view ot the flap bearing asser 



assembly 30 includes anjy 
disposed 



>earmg element 34 and an inboard bearing element 32 



outer housing 42b. The outer housing 42 includes a first section 45 and a 
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31re"1irst-sc ct i on 4 5-mcfad cs a pair - of radi ^h^-exte nding fl ange^ ec l io i i s 3 6. -The-^ 
flange sections 36 are configured to align with thehubj^il^ surface of 

the first section is shaped to receiveJhenflBoa^ bearing element 32. More specifically, an 
outer surface of the inbcjard'-Bearing element 32 is bonded to the inner surface of the outer 
housing 42bJp^T^m-st section 45. The bonding method is suitably any commonly known 
jpvxtinf^ iinod in the nrf ^ 

Dispe-su d in s id e and adjacent tlie ^ outer surface of the"inb oard b e aring -element^ 
elastomeric element 54. The composition ofthe^astemerkre^ be any of the 

commonly emplo^esL^lastoni^^ and is variable based upon the loading 

requirpmefltsof the employment environment. For example, an elastomeric element with a 
luralitv of meta l lamina t es- is considtre ch*4*hi n the s c app nf tViig iriv raiktta—x 
Positiefiechsnia 



sr surlace_oi the elastomeric 




ail 5 <\ ia amj,nncr - face i oftK ? 
Inner race 62^icludes ^fistS^ection^37and a proximal 



MX : Fbe-oiU cr suiface of Uitrum er race 62 is" tapered m the directfoira f the inner \ 
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N a min g ^m^ n t -l ? T ire innpr gnr fa n up juiikim al ser.Tinn forms an axial bore 44 
therethrough. The bore 44 is sized to receive the journ al 28 throudi, axi--wefi-^TlJ^5Tand 
exjgods into the distal section 63. TTje^axkiH55i€^4t^ at an inner race closed end 

; plate 52rlocated iiithgjtiistd^ection 63. An outer surface of the distal section is substantially 
^ Qylifiilff aaftgS^^ lu r eceive? an-innor raoo of llreijulboard bearing 6 4 * 

( The o u tboard boaring - elemfell t 34 is also a tapferromsa l - ela s tomeric bearir 
the taper is in an opposing direction to the inboard bearing eleni£irt-32TThe outer surfaof 
is configured to bond with the inner surrace of^ie-seCondsee^ housing 
42b. The inner race has an opei/enflitc^^ distal section 63 of the inboard 

bearing inner race 62. Atj^0^^ei^^fjbe inner race of the outboard bearing 64 is an outer 
plate 56. Sani35 z JcS^between the outer^race^^and inner r.a€^64)is another elastomeric 






The outqr^pl ate and the inner race closed- end plat e. 6^ hav e a plu rality ofali^ 
bores extending therethrough. A tie bar attachment bore 46 is cerjttatt5^3Tsposed through 
each to receive a tie bar attachment lug (not showr^JEhertiebar attachment lug maintains 
the bearing assemblies 30 connection witj^thtflie bar 26. Further, a plurality of coupler bores 

48 area disposed through the^eSfJective surfaces. Each coupler bore receives a coupler lug 

49 (FIG. 6) tomaiirtam the spatial integrity between the inboard and outboard bearing 
elemente^*further, a plurality of dowel bores extend through the respective plates, each bore 
receWBg-ali g nmp jit do wels (not_s h own) ex ten ding fiim r Li le jou r nal end 29 (FTfi. L 

FTGTIB F . rlrpi c t ft nn n nn cmh lc ri yipw of thr-fbp^nrin£^TTTn^ 1 0 Th o i nhmrpi 
bearing element 32 and the outboard bearing element 34 are cougled->via^a -- &irtion fit 
between the respective elements and the bearing coupl^-ltIgs49. More specifically, the 
inner race of the outboard bearing 64jpidHiieinner race of the inboard bearing 62 are 
fiictionally mated upon insejlieifoFthe outboard bearing element 34. Additionally, the outer 
face of the ouJboai^Dearing 66 is bonded to the inner surface of the outer housing 42. 
Consequently, the outer housing 42 encompasses both the inboard bearing element and the 
nrri b^nrinc in n "ingle unitnry mirmWy^ 
FI6r yRE - 6 - d c piot3 - tho aoGcmbled flap bearing ao3cmb ly30: — Tfte~ 
includes an outer housing 42 surrounding thejmier--aftd^yufer^ari elements 32 and 34. 



The outboard bearing 



pressure fit into the inboard bearing element 32 and 



35 



then bojidecTbetween the outer race of the outboard baring 66 and an inner surface of the 
>oard bearing . 

As discussed above, bearing coupler lugs 49 are disposed through the bearing coupler 
bores 48 connecting the outboard bearing element to the inboard bearing element. 
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Additionally, a tie bar attachment bore is axially located through the respective bearing 
elements and is in alignment with a respective bore in the journal end 29 (see FIGURE 1). 
An attachment lug 58 (not shown) is disposed through the tie bar attachment bore 46 and 
mechanically fastened to the journal end 29. Consequently, a bearing integrity redundancy is 
5 created by to the two separate coupling structures. 

The bearing assembly 30 is axially pre-loaded. In the preferred embodiment, a 
bearing assembly 30 axial pre-load of 8500-15,000 lb. range is desired. The pre-load helps to 
prevent the elastomeric elements of the bearing assembly 30 from tensional loading during 
operating conditions. However, any other pre-load is considered within the scope of this 
10 invention. The axial pre-load can be applied through the coupler lugs 49, the tie bar 
attachment lug (not shown) or combinations thereof. 

FIGURE S 7 -a n d 8 depict an lsoT aicd view uf Ihe opposed conical " 
bearings with and without pre-loading, FIG. 7, and with pre-loadiagr-FKinr A bearing gap 
82 is located between the respective inboard^od--t5utboard bearing elements, 32 and 34 
respectfully, prior to any axial pre4paditfgr As the axial pre-load is applied the bearing 
elements, 32 and 34, arej^otf^it together. The inner races, 62 and 64, frictionally engage 
one another anjL-arty space, or bearing gap 82, between the bearing elements, 32 and 34 is 
removpar The bearing elements, 32 and 34, combine within the bearing assembly 30 to carry 
ftap-wreeTtretiofl^ ^ rotor a ssembly, 24 
20 While the preferred embodiment of the invention has been illustrated and described, 

as noted above, many changes can be made without departing from the spirit and scope of the 
invention. Accordingly, the scope of the invention is not limited by the disclosure of the 
preferred embodiment. Instead, the invention should be determined entirely by reference to 
the claims that follow. 
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